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Description 

FIELD OF THE INVENTION 

This invention relates to guidewires used in 
surgical procedures, for example, to guide and 
place a catheter in a blood vessel. 

BACKGROUND OF THE INVENTION 

This invention relates to guidewires such as are 
commonly used in the placement of catheters at 
various locations in a patient's cardiovascular sys- 
tem. Typically, the guidewire is placed percutane- 
ously into the blood vessel and a catheter having a 
lumen adapted to receive the guidewire is ad- 
vanced over the guidewire. For example, the 
guidewire may be of the small diameter steerable 
type disclosed in U.S. Patent 4,545,390 to Leary. 
The guidewire disclosed in the Leary patent is 
useful particularly in guiding small diameter cath- 
eters into distally located, small blood vessels such 
as the coronary arteries. The guidewire has a main 
wire with a tapered distal portion and a helical coil 
mounted to and about the tapered distal portion. 
The coil may extend distally beyond the distal tip 
of the tapered portion of the main wire and a safety 
wire may be provided to connect the distal tip of 
the main wire with the distal tip of the coil. The 
safety wire assures that if the distal portion of the 
spring breaks, it will remain attached to the 
guidewire so that the broken distal portion can be 
withdrawn from the patent. GB-A-21 27894 dis- 
closes the same guidewire, but does not suggest 
the inclusion of any safety means extending to the 
distal end of the coil. Instead, this reference teach- 
es the use of a rigid connection between the distal 
tip of the main wire and the coil, at a location close 
to but not at the distal end of the coil. 

In some instances, the safety wire presents 
some disadvantage in that it imparts additional 
stiffness to the distal tip of the guidewire. Addition- 
ally, the use of a separate safety wire tends to give 
the distal tip of the wire a directional characteristic, 
so that it will tend to bend more readily along a 
particular plane than in other directions. In some 
cases, the directional characteristic resulting from 
the use of the safety wire is undesirable in that it 
can be difficult to control the positioning of the tip. 
Therefore, it is desirable to provide a guidewire 
construction with a tip having less stiffness and in 
which the tip is equally flexible in all directions, 
while maintaining a safety connection between the 
main wire and the coil. 

Another desirable feature is to provide a 
guidewire in which the distal end has a graduated 
stiffness transition so as to avoid kinking and possi- 
ble trauma to the blood vessel. 



Guidewires typically are advanced and placed 
in a patient's vascular system while monitoring the 
position of the guidewire fluoroscopically. It is de- 
sirable that the guidewire be sufficiently opaque to 

5 x-rays to provide a clear indication of the location 
and position of the guidewire but without obstruct- 
ing the fluoroscopic image of the more proximally 
located portions of the blood vessel in which the 
guidewire is placed. Thus, there may be instances 

jo in which a greater radiopacity is preferred for the 
distal portion of the coil. 

Another disadvantage which results from the 
use of a safety ribbon in the guidewire is that it 
results in relatively little strain relief in the event 

75 that the safety ribbon breaks, as may occur under 
a tensile load or when forming a curve in the distal 
end of the coil. 

It is among the general objects of the invention 
to provide an improved guidewire construction 

20 which avoids the foregoing difficulties while provid- 
ing the foregoing advantages. 

An older form of guide member, known as a 
guide spring is described in US-A-3749086. The 
guide spring disclosed in this document comprises 

25 a coil spring surrounding a core wire, which ex- 
tends within the proximal portion of the guide, and 
a safety wire extending from the distal end of the 
core wire to the distal end of the coil spring. The 
use of an inner second spring extending from the 

30 distal end of the core wire to the distal end of the 
coil spring, in addition to the safety wire is also 
suggested in this document. 

SUMMARY OF THE INVENTION 

35 

The guidewire includes an elongate main wire 
having a tapered distal region. An outer helically 
wound coil is mounted on the distal region of the 
main wire about the tapered region, with the distal 

40 end of the coil extending distally beyond the distal 
tip of the main wire. The guidewire is characterised 
by further comprising a second coil having a small- 
er diameter than the outer coil disposed within the 
outer coil and connected at its proximal end to the 

45 distal end of the tapered region of the main wire 
and at its distal end to the distal end of the outer 
coil; the second coil providing a sole safety means 
connecting the distal end of the outer coil with the 
main wire. The distal tip of the inner coil can be 

so connected to the distal tip of the outer coil at a 
generally hemispherical bead which defines the 
distal tip of the guidewire. The inner coil serves as 
the sole safety means for the guidewire, there 
being no other safety wire connecting the distal tip 

55 of the outer coil with the distal end of the main 
wire. The flexibility of the composite inner and 
outer coils is uniform in all directions. The degree 
of flexibility may be varied as desired by spacing 
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selected of the adjacent coils in one or both of the 
inner and outer coils to provide the desired com- 
posite flexibility characteristics. The inner coil may 
be formed from an alloy which is more radiopaque 
than that from which the outer coil is formed so as 
to provide a distal segment having greater 
radiopacity than the more proximal portions of the 
guidewire. Preferred embodiments of the Invention 
are described In the sub-claims appended hereto. 

It is among the general objects of the invention 
to provide an improved guidewire construction by 
which a guidewire may have a distal portion having 
a high degree of omnidirectional flexibility. 

Another object of the invention is to provide an 
improved guidewire construction in which the distal 
portion of the guidewire is provided with a smooth- 
ly graduated transition and flexibility. 

A further object of the invention is to provide 
an improved guidewire construction by which the 
distal tip of the guidewire is more highly radiopaq- 
ue than the more proximal portions of the distal tip 
region of the guidewire. 

Another object of the invention is to provide an 
improved guidewire construction in which the distal 
coil region provides an increased strain relief to 
axial and bending loads. 

Another object of the invention is to provide an 
improved guidewire construction in which the fore- 
going objects are achieved without the use of a 
convention safety wire. 

DESCRIPTION OF THE DRAWING 

The foregoing and other objects and advan- 
tages of the invention will be appreciated more 
fully from the accompanying drawings in which: 

FIG. 1 is a fragmented, sectional illustration of 

the guidewire; and 

FIG. 2 is an enlarged fragmented sectional il- 
lustration of the distal portion of the guidewire. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENT 

As shown in the drawing, the guidewire in- 
cludes a main wire 10 which may be formed from 
stainless steel. The main wire 10 extends over 
most of the overall length of the guidewire, which 
may be between about 145 to 300 cm long. The 
distal region 12 of the main wire 10 is tapered and 
terminates in a tip 14. By way of example, the 
distal region 12 may be of the order of 25 to 30 cm 
long. The taper may be formed in steps, for exam- 
ple, to include a proximal first tapered segment 
12A, a second portion 12B which may be of uni- 
form diameter and a third portion 12C which is 
tapered. By way of example, the main wire 10 may 
be of the order of .016" diameter and the section 



12B may be of the order of .008" diameter. The tip 
14 preferably terminates in a diameter of the order 
of .001". The tapered distal region 12 may be 
formed by centerless grinding. 

5 An outer coil 16 is helically wound and is 

mounted to the main wire 10 about the distal 
region 12. The outer coil 16 is sufficient long so 
that the distal tip 18 of the coil 16 extends beyond 
the distal tip 14 of the main wire 10, thereby 

10 defining a distal segment 20. The proximal end of 
the coil 16 is secured to the main wire 10 adjacent 
the region where the wire begins to taper, such as 
by brazing as indicated at 21. The outer coil 16 
also is secured to the main wire 10 at a more distal 

75 location, such as by brazing it to the distal tapered 
portion 12C, as indicated at 23. 

The guidewire includes an inner coil 22 which 
extends along the distal segment 20 and is con- 
nected at its proximal and distal ends to the region 

20 of the tip 14, of the main wire as by brazing at 24, 
and the distal tip 18 of the outer coil, respectively. 
The distal tip of the guidewire may be formed to 
include a welded bead 26 which is smoothly round- 
ed and welds the coils 16, 22 together. In accor- 

25 dance with the invention, the inner coil 22 com- 
prises the sole connection between the distal tip 14 
of the main wire and the distal tip 18 of the outer 
coil 16. In one embodiment of the invention, the 
outer and inner coils 16, 22 are wound in opposite 

30 directions. That may be desirable in a small diam- 
eter (less than about 0.020") guidewire of the type 
described in the Leary patent. The torsional rigidity 
of the composite distal tip is enhanced in both 
rotational directions, that is, the device tends to 

35 transmit rotation about equally in both directions. In 
another embodiment (illustrated in the drawing) the 
outer and inner coils 16, 22 are wound in the same 
direction. That configuration provides advantages in 
the axial strength of the guidewire and in the failure 

40 mode under the influence of an axial load to pro- 
vide an additional measure of safety. Should the 
distal weld at the hemispherical tip 24 break, the 
continued axial load on the outer coil 16 will con- 
tinue to stretch the outer coil 16 which causes the 

45 diameter of the outer coil to constrict about the 
inner coil 22. When the outer and inner coils 16, 22 
are wound in the same direction, the outer coil 16 
tends to interlock with the inner coil 22 so that the 
coils 16, 22 can cooperate in resisting further axial 

so stretching. 

The spacing on the outer and inner coils 16, 22 
may be varied to provide a wide range of flexibility 
of the guidewire. In the illustrative embodiment, the 
spacing 28 of the individual turns in inner coil 22 is 

55 of the order of 0.0002". 

The inner coil 22 does not impart any bias to 
the direction in which the distal segment 20 flexes 
because it is free of conventional safety wires. 
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The drawing illustrates further the manner in 
which the outer and inner coils 16, 22 may be 
arranged to provide for a smooth transition and 
progressively increasing flexibility in a distal direc- 
tion. 

In another aspect of the invention, the inner 
and outer coils 22, 16 may be formed from a 
radiopaque alloy. For example, the inner and outer 
coils may be formed from an alloy of 80% plati- 
num, 15% rhodium and 5% ruthenium. That alloy 
has been found to provide a suitably malleable 
property which enables a curve to be formed rela- 
tively easily in the distal tip of the coil. Alter- 
natively, an alloy of 92% platinum and 8% tungsten 
may be used. In that configuration, the entire 
length of the outer coil will be radiopaque with the 
distal segment having a higher radiopacity. In alter- 
native embodiments, the portion of the outer coil 
16 proximal of the distal segment 20 may be made 
less opaque to x-rays by forming the outer coil 16 
from stainless steel and the inner coil 22 from the 
radiopaque alloy. That configuration provides a 
highly radiopaque segment at the distal segment 
20 and a less radiopaque portion proximal of the 
distal segment. With that arrangement, the distal 
segment 20 will be highly radiopaque and will be 
clearly visible under fluoroscopy. The more proxi- 
mal segment of the outer coil 16 will have less 
radiopacity and will present less of a visual ob- 
struction to those portions of the blood vessel 
located proximally of the distal segment 20. 

By way of further illustrative example, the 
guidewire may be of the order of 185 cm long. The 
main wire may be of the order of 0.014"-0.018" 
diameter. In a preferred embodiment, the main wire 
is 0.016" diameter and the outer coil is 0.012" 
diameter. The stepped down configuration from the 
larger diameter main wire to the smaller outer 
diameter for the outer coil provides a guidewire 
having a high degree of torsional rigidity by which 
angular rotation of the proximal end of the 
guidewire may be transmitted substantially fully to 
the distal end, but in which the distal end is of a 
smaller diameter so that it may obstruct less of the 
catheter lumen through which it passes, particularly 
in the region of a dilatation balloon, thereby provid- 
ing for a larger annular flow area in the catheter 
lumen and enabling better distal pressure measure- 
ment and dye injection. In the illustrative embodi- 
ment, the outer coil 16 may be formed from .002" 
diameter wire wound to a coil diameter of .012". 
The inner coil may have an outer diameter of 
0.006" and is formed from rectangular cross-sec- 
tion ribbon 0.0015' x 0.003* diameter. The ribbon 
configuration is preferred in the forming of the 
inner coil because the ribbon is more resistant to 
stretching out than round cross-sectional wire and 
also enables the inner coil to be formed with a 



smaller outer diameter. 

From the foregoing it will be appreciated that I 
have described an improved construction for a 
guidewire in which the distal tip has omnidirectional 

5 flexibility while maintaining a safety connection to 
the distal tip of the outer coil, but without using the 
conventional safety wire. Additionally, the guidewire 
construction provides an arrangement for a smooth 
and gradual increase in flexibility toward the distal 

70 tip as well as an arrangement in which the 
radiopacity at the tip is sufficient to provide good 
fluoroscopic monitoring but which does not ob- 
struct the fluoroscopic view of portions of the blood 
vessel immediately adjacent the distal tip of the 

75 guidewire. It should be understood, however, that 
the foregoing description of the invention is in- 
tended merely to be illustrative thereof and that 
other modifications and embodiments may be ap- 
parent to those skilled in the art without departing 

20 from its scope as defined by the appended claims. 

Claims 

1. A guidewire comprising a main wire (10), hav- 
25 ing a proximal end, a distal end and a distal 

tapered region (12) and an outer helical coil 
(16) mounted about the tapered region (12) of 
the main wire (10) and connected (21) to the 
main wire at the proximal end of the coil, the 

30 distal end of the coil extending distally beyond 

the distal tip (14) of the tapered region (12); 
characterised by further comprising a second 
coil (22) having a smaller diameter than the 
outer coil (16) and being disposed within the 

35 outer coil (16), the second coil (22) being con- 

nected (24,26) at its proximal end to the distal 
region of the main wire (10) and at its distal 
end to the distal end (18) of the outer coil (16) 
and providing a sole safety means connecting 

40 the distal end (18) of the outer coil with the 

main wire (10). 

2. A guidewire as defined in claim 1 wherein said 
outer coil (16) is connected to the main wire 

45 (10) at a location (21) adjacent the distal end of 

the main wire. 

3. A guidewire as defined in claim 2 wherein the 
outer coil (18) is longer than the second coil 

so (22). 

4. A guidewire as defined in claim 3 wherein one 
of the coils (16,22) is formed from a more 
radiopaque material than the other of the coils 

55 (16,22). 

5. A guidewire as defined in claim 4 wherein the 
second coil (22) is more radiopaque than the 
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outer coil (16). 

6. A guidewire as defined in claim 5 wherein the 
second coil (22) is formed from an alloy com- 
prising 80% platinum, 15% rhodium and 5% 
ruthenium. 

7. A guidewire as defined in claim 5 wherein the 
second coil (22) is formed from an alloy com- 
prising 92% platinum and 8% tungsten. 

8. A guidewire as defined in claim 1 or 2 wherein 
at least one of the coils (16,22) is formed from 
an alloy comprising 80% platinum, 15% rho- 
dium and 5% ruthenium. 

9. A guidewire as defined in claim 1 or 2 wherein 
at least one of the coils (16,22) is formed from 
an alloy comprising 92% platinum and 8% 
tungsten. 

10. A guidewire as defined in claim 1 or 2 wherein 
the second coil (22) is formed from wire having 
a flat rectangular cross section. 

11. A guidewire as defined in claim 1 or 2 wherein 
the outer (16) and second (22) coils are wound 
in the same direction. 

12. A guidewire as defined in claim 1 or 2 wherein 
the outer (16) and second (22) coils are wound 
in opposite directions. 

13. A guidewire as defined in claim 1 or 2, further 
comprising at least a portion of at least one of 
the coils (16,22) having its individual coils 
spaced from each other, said spacing compris- 
ing a different spacing than in other individual 
coils of the coil (16,22). 

Revendicatlons 

1. Fil de guidage comprenant un fil principal (10) 
possSdant une extnSmite proximale, une extte- 
mite distale et une parti© distale r£tr£cie (12) 
et un enroulement rtelico'idal exterieur (16) ins- 
tal!6 autour de la partie rStrScie (12) du fil 
principal (10) et raccordS (21) au fil principal 
au niveau de I'extrSmite proximale de I'enrou- 
lement, I'extrSmite distale de I'enroulement 
s'6tendant en position distale au-dela de la 
pointe distale (14) de la partie r6tr6cie (12); 
caracterisS en ce qu'il comporte en outre un 
second enroulement (22) possSdant un diamfe- 
tre interieur a celui de Penroulement exterieur 
(16) et dispose a I'interieur de cet enroulement 
extSrieur (16), le second enroulement (22) 
Stant raccord6 (24,26), par son extrSmite proxi- 



male, a la partie distale du fil principal (10) et, 
par son extrSmite distale, a rextrSmite distale 
(18) de I'enroulement exterieur (16) et formant 
un moyen unique de s^curite raccordant I'ex- 
5 trSmite distale (18) de I'enroulement exterieur 

au fil principal (10). 

2. Fil de guidage selon la revendication 1, dans 
lequel ledit enroulement exterieur (16) est rac- 

w corde" au fil principal (10) en un emplacement 

(21) adjacent a I'extrSmite distale du fil princi- 
pal. 

3. Fil de guidage selon la revendication 2, dans 
75 lequel I'enroulement exterieur (18) est plus 

long que le second enroulement (22). 

4. Fil de guidage selon la revendication 3, dans 
lequel I'un des enroulements (16,22) est r£ali- 

20 s6 en un materiau plus opaque, du point de 

vue radiographique, que I'autre des enroule- 
ments (16,22). 

5. Fil de guidage selon la revendication 4, dans 
25 lequel le second enroulement (22) est plus 

opaque, du point de vue radiographique, que 
I'enroulement exterieur (16). 

6. Fil de guidage selon la revendication 5, dans 
30 lequel le second enroulement (22) est realist 

en un alliage comprenant 80 % de platine, 15 
% de rhodium et 5 % de ruthenium. 

7. Fil de guidage selon la revendication 5, dans 
35 lequel le second enroulement (22) est realise" 

en un alliage comprenant 92 % de platine et 8 
% de tungstene. 

8. Fil de guidage selon la revendication 1 ou 2, 
40 dans lequel au moins I'un des enroulements 

(16,22) est r6alis6 en un alliage comprenant 80 
% de platine, 15 % de rhodium et 5 % de 
rutrtenium. 

45 9. Fil de guidage selon la revendication 1 ou 2, 
dans lequel au moins un des enroulements 
(16,22) est r6alis6 en un alliage comprenant 92 
% de platine et 8 % de tungstene. 

so 10. Fil de guidage selon la revendication 1 ou 2, 
dans lequel le second enroulement (22) est 
fornrte d'un fil possSdant une section transver- 
sale rectangulaire plate. 

55 11. Fil de guidage selon la revendication 1 ou 2, 
dans lequel I'enroulement exterieur (16) et le 
second enroulement (22) sont enroulSs dans le 
meme sens. 
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12. Fil de guidage selon la revendication 1 ou 2, 
dans lequel Penroulement exterieur (16) et le 
second enroulement (22) sont enroulSs dans 
des directions opposes. 

13. Fil de guidage selon la revendication 1 ou 2, 
dans lequel en outre au moins une partie d'au 
moins Tun des enroulements (16,22) a ses 
spires individuelles espacSes les unes des au- 
tres, ledit espacement comprenant un espace- 
ment different de celui present dans les autres 
spires individuelles de I'enroulement (16,22). 

Patentanspriiche 

1. Fuhrungsdraht, umfassend einen Hauptdraht 
(10) mit einem proximalen Ende, einem dista- 
len Ende und einem distal zugespitzten Be- 
reich (12) und eine au/tere gewundene Spirale 
(16), die um den zugespitzten Bereich (12) des 
Hauptdrahts (10) herum angebracht und an 
dem proximalen Ende der Spirale mit dem 
Hauptdraht verbunden ist (21), wobei das di- 
stale Ende der Spirale sich distal iiber die 
distale Spitze (14) des zugespitzten Bereichs 
(1 2) hinaus erstreckt, 
dadurch gekennzeichnet, 
dafl weiter eine zweite Spirale (22) vorgesehen 
ist, deren Durchmesser kleiner als der der au- 
fieren Spirale (16) ist und die innerhalb der 
au/teren Spirale (16) angeordnet ist, wobei die 
zweite Spirale (22) an ihrem proximalen Ende 
mit dem distalen Bereich des Hauptdrahts (10) 
und an ihrem distalen Ende mit dem distalen 
Ende (18) der au/teren Spirale (16) verbunden 
ist (24,26) und ein alleiniges Sicherungsmittel 
bildet, das das distale Ende (18) der au/teren 
Spirale mit dem Hauptdraht (10) verbindet. 



zweite Spirale (22) aus einer Legierung mit 80 
% Platin, 15 % Rhodium und 5 % Ruthenium 
gebildet ist. 

5 7. Fiihrungsdraht nach Anspruch 5, in dem die 
zweite Spirale (22) aus einer Legierung mit 92 
% Platin und 8 % Wolfram gebildet ist. 

8. Fiihrungsdraht nach Anspruch 1 oder 2, in 
w dem wenigstens eine der Spiralen (16,22) aus 

einer Legierung mit 80 % Platin, 15 % Rhodi- 
um und 5 % Ruthenium gebildet ist. 

9. Fuhrungsdraht nach Anspruch 1 oder 2, in 
75 dem wenigstens eine der Spiralen (16,22) aus 

einer Legierung mit 92 % Platin und 8 % 
Wolfram gebildet ist. 

10. Fuhrungsdraht nach Anspruch 1 oder 2, in 
20 dem die zweite Spirale (22) aus Draht mit 

einem flachen, rechteckigen Querschnitt gebil- 
det ist. 

11. Fuhrungsdraht nach Anspruch 1 oder 2, in 
25 dem die au/tere Spirale (16) und die zweite 

Spirale (22) in derselben Richtung gewunden 
sind. 

12. Fuhrungsdraht nach Anspruch 1 oder 2, in 
30 dem die au/tere Spirale (16) und die zweite 

Spirale (22) in entgegengesetzte Richtungen 
gewunden sind. 

13. Fuhrungsdraht nach Anspruch 1 oder 2, in 
35 dem weiter an wenigstens einem Teil wenig- 
stens einer der Spiralen (16,22) dessen Einzel- 
windungen mit Zwischenraum voneinander an- 
geordnet sind, wobei der Zwischenraum einen 
anderen Abstand hat als bei anderen Einzel- 
windungen der Spirale (16,22). 



2. Fuhrungsdraht nach Anspruch 1, in dem die 40 
au/tere Spirale (1 6) an einer nahe dem distalen 
Ende des Hauptdrahtes gelegenen Stelle (21) 

mit dem Hauptdraht (10) verbunden ist. 

3. Fuhrungsdraht nach Anspruch 2, in dem die 45 
au/tere Spirale (1 8) langer als die zweite Spira- 
le (22) ist. 

4. Fuhrungsdraht nach Anspruch 3, in dem eine 

der Spiralen (16,22) aus einem starker radiopa- 50 
ken Material als die andere der Spiralen 
(16,22) gebildet ist. 

5. Fuhrungsdraht nach Anspruch 4, in dem die 
zweite Spirale (22) starker radiopak als die 55 
au/tere Spirale (16) ist. 

6. Fuhrungsdraht nach Anspruch 5, in dem die 
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